Background. Osteopontin a matricellular protein has pro-fibrotic effects and binds integrin such as αvβ1 and αvβ3. Vitronectin is one of the integrin αvβ3 ligands and is a multifunctional glycoprotein.
Introduction
Systemic sclerosis (SSc) is a chronic inflammatory disease, which is characterized by fibrosis in the skin and internal organs. 1 Its etiopathogenesis is uncertain. However, immune activation and vasculopathy are the main pathogenic issues. The infiltrations of inflammatory cells like T lymphocytes, mast cells and macrophages are shown in skin biopsies of SSc patients. 2 Fibrosis occurs with the excessive synthesis and deposition of collagen and other extracellular matrix (ECM) molecules. 3 Active fibroblasts (myofibroblasts) are responsible for the production of ECM. Although the active mesenchymal cells produce ECM molecules, the source of these cells is controversial. However, the transformation of bone marrow-derived local mesenchymal precursor cells into fibroblastic cells is responsible from the continuity of fibroblastic activity, in SSc. 4, 5 Osteopontin (OPN), which is produced from osteoclasts, osteoblasts, T cells, macrophages, dendritic cells, and fibroblast cells, is a matricelullar glycoprotein, and it has proinflammatory and pro-fibrotic properties. 6 This molecule modulates signaling between various cells by binding to cell surface integrins (αvβ1, αvβ3, αvβ5, αvβ6, α5β1, α8β1) and to CD44. 7, 8 OPN stimulates inflammation via the participation of macrophages, dendritic and T-cells into systemic circulation. It contributes to the development of Th1-induced cytokine responses (tumor necrosis factor [TNF]-α, interferon-γ, interleukine [IL]-2), and regulates the behavior of fibroblasts and myofibroblasts differentiation. [9] [10] [11] Furthermore, OPN gene expression has been reported to be increased in SSc. 12, 13 In addition, serum OPN levels are demonstrated to be higher in SSc.
14 Dermal fibrosis induced by bleomycin has been reported to be less common in mice with OPN gene deficits compared to wild-type mice. 15 Integrins, a large group of trans-membrane proteins, consist of α and β subunits. They mediate cell-cell and cellmatrix interactions. Integrin αvβ3, the best-known vitronectin (VTN) receptor, consists of αv (CD51) and β3 (CD61) subunits. Although integrin αvβ3 is expressed at low levels in almost all normal tissues, its expression is high in osteoclasts, neutrophils, macrophages, and endothelial cells. 16 These cells play an important role in inflammation and angiogenesis, which are pathogenic features of SSc. Moreover, previous studies have demonstrated the contribution of VTN on hepatic, pulmonary and renal fibrosis. [16] [17] [18] [19] The present study aimed to determine the serum levels of OPN and VTN, and also to investigate their probable effects on disease activity and severity indices in SSc.
Material and methods

Patients and study design
Eighty-six patients with SSc fulfilling the classification criteria as stipulated by the American College of Rheumatology (ACR), 46 patients with systemic lupus erythematosus (SLE) fulfilling classification criteria as stipulated by the Systemic Lupus International collaborating Clinic (SLICC)/ACR, and 38 healthy controls (HC) were enrolled in this study. [20] [21] [22] Local Ethics Committee approved the study, and informed that participant consents were obtained. The rheumatological examination of all participants was also performed. In addition, patients were questioned about clinical manifestations of the disease.
Disease activity and severity scores
In the SSc group, the extent of skin involvement, degree and severity of internal organ involvement were determined by respectively modified Rodnan skin score (mRSS), Medsger disease severity scale and Valentini disease activity index. [23] [24] [25] Apart from this, the United Kingdom functional score (UKFS) was performed, and fingerpalmar flexion distances were measured.
26
Laboratory analysis
Blood samples were taken at 8 am after 8-12 h of fasting. Routine laboratory, complement (C3-C4) and autoantibody panel tests (ANA-IFA, anti-centromere, anti-Scl-70) were studied on the same day. Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) levels were assessed by the classic Westergren and immunoturbidimetric methods, respectively. In addition, 5 mL blood samples were collected for analysis of OPN, IL-6, VTN, TGF-β, and centrifuged at 5000 rpm for 3 min to obtain sera. The separated sera were stored at -20°C until use.
OPN (Boster Biological Technology Co., Ltd., Pleasanton, USA), TGF-β (Boster Biological Technology Co., Ltd., Pleasanton, USA), IL-6 (Boster Biological Technology Co., Ltd., Pleasanton, USA) and VTN (Eastbiopharm Co., Ltd., Hangzhou, China) levels were measured by the method of enzyme-linked immunosorbent assay (ELISA) using suitable commercial kits.
In the SSc group, pulmonary function test and carbon monoxide diffusing capacity were measured. High-resolution chest computed tomography was performed in patients with abnormal findings on posteroanterior chest X-ray. Pulmonary arterial pressure (PAP) was measured with transthoracic echocardiography and systolic PAP above 40 mm Hg was considered as pulmonary arterial hypertension (PAH).
Statistical analysis
IBM-SPSS 21 software was used in statistical analysis. The data was expressed as mean ± standard deviation. One-way analysis of variance (ANOVA) and Tukey post-hoc tests were applied for parametric data. Nonparametric data was analyzed using Kruskal-Wallis variance analysis and the Mann-Whitney U test.
In the parametric data, distribution normality was evaluated with the Kolmogorov-Smirnov test. Logarithmic transformations were applied to the skewed data (ESR, CRP, IL-6, TGF-β, OPN and VTN) to normalize them before they were entered into the analysis. On the other hand, analysis of covariance (ANCOVA) was also used to adjust variables for age and sex, since mean age and gender distribution were significantly different among the groups. Categorical data was analyzed with the χ 2 test. Pearson correlation analysis was used to assess the relationship between data. P-values < 0.05 were considered significant.
Results
Demographics and laboratory data of the study groups are shown in the Table 1. The mean ages of patients with SSc group were higher compared with SLE and the HC groups (p < 0.001 and p < 0.05, respectively). On the other hand, the mean age of patients with SLE group was significantly lower than in the HC group (p < 0.001). Similarly, there were the statistically significant gender differences among the 3 groups (p < 0.001). Although female ratios were similar in the SSc and SLE groups (p > 0.05), the male ratios were higher in the HC group than in SSc and SLE groups (p < 0.001 for both).
In SSc and SLE groups, compared with HC group, ESR levels were higher (p < 0.001). On the other hand, CRP levels in SSc group were significantly higher than the HC and SLE groups (p < 0.05 and p < 0.001, respectively).
Compared with the HC group, serum OPN levels in SSc and SLE groups were statistically significantly higher (p < 0.01 and p < 0.001, respectively). The increase of OPN level remained significant even after adjustments for age and gender (ANCOVA p < 0.01 and p < 0.001, respectively). However, serum OPN levels in the SSc group were significantly lower than in the SLE group (p < 0.05 and ANCOVA p < 0.05) ( Table 1) .
Serum VTN levels were significantly lower in the SSc group compared with the SLE and HC groups (p < 0.001 for both). The decrease of VTN level remained significant even after adjustments for age and gender (ANCO-VA p < 0.001 for both). Serum VTN levels in the SLE and HC groups were similar (p > 0.05 and ANCOVA p > 0.05) ( Table 1 ).
In the SSc group, there was no statistically significant difference between females and males in terms of OPN, VTN, IL-6 and TGF-β levels (p > 0.05). Serum TGF-β levels were lower in patients receiving glucocorticoids compared to nonusers in the SSc group (33.01 ±32.79 vs 44.69 ±129.90 pg/mL, p = 0.047). Similarly, TGF-β levels were determined to be lower in patients who receive methotrexate compared to nonusers in the SSc group (4.74 ±8.40 vs 47.33 ±121.13 pg/mL, p = 0.046). In addition, VTN levels were found to be significantly lower in patients who take methotrexate compared to not taking methotrexate (189.17 ±82.59 vs 267.13 ±180.53 ng/L, p = 0.034).
Clinical characteristics and laboratory data of diffuse cutaneous SSc (dcSSc) and limited cutaneous SSc (lcSSc) subgroups were shown in the Table 2 . There was no relationship between the levels of OPN, VTN, IL-6 and TGF-β, and the positive ANA, anti-centromere and antiScl-70 in the SSc group (p > 0.05 for all). In the patients with PAH, digital ulcer, internal organ-system involvement such as lungs, cardiovascular system, kidneys and gastrointestinal tract compared with those who do not have these kind of complications, there was no significant difference in terms of OPN, VTN, IL-6 and TGF-β levels (p > 0.05 for all). Furthermore, SSc subtypes, the degree of nailfold capillaroscopy findings and Medsger (skin-lung-heart) disease severity index were not related with the levels of OPN, VTN, IL-6 and TGF-β (p > 0.05 for all). However, in the SSc group, there was a significant correlation between OPN levels and patients' age (r = 0.224, p < 0.05). Serum IL-6 level was also correlated with visual analog scale (VAS) score (r = 0.292, p < 0.01). On the other hand, there was negative correlation between OPN and VTN levels in the SSc group (r = -0.269, p < 0.05). mast cells and macrophages has been shown in the skin biopsies of patients with SSc. [1] [2] [3] [4] Osteopontin, a pleiotropic cytokine, participates in the recruitment and retention of inflammatory cells such as T lymphocytes, macrophages to the site of inflammation. [8] [9] [10] In addition to its possible effects on the stage of inflammation in the pathogenesis of SSc, OPN directly regulates the fibroblastic activity. 11 In this regard, the 1.4-fold increase compared to patients with idiopathic PAH, and 4-fold increase compared to healthy volunteers in the serum OPN levels of SSc patients were observed in a previous clinical study. 14 Subsequently, in another study, serum OPN levels have been determined to be higher in patients with SSc compared to the HC group. 13 Similarly, in our study, serum OPN levels were higher in the SSc group.
Because of its level being higher in SSc and SLE groups in this study, the increase in the level of OPN in SSc was thought to be associated with the inflammatory nature of the disease. It has been shown that the classic mediators of acute inflammation such as TNF-α and IL-1β induce the OPN expression strongly, as well as the fibrogenic cytokines such as TGF-β and angiotensin II can also induce OPN upregulation. 27 OPN expressed by bone and kidney in physiological conditions is known to be expressed through inflammatory cells, especially T cells, macrophages and dendritic cells in pathological conditions. 6 In the present study, the fact that there is no correlation between serum OPN levels and the amount of fibrosis or disease severity supports the view that OPN is not directly associated with fibrosis. On the other hand, Lorenzen et al. have reported that the level of OPN is higher in patients with dcSSc than in lcSSc in whom the patients with former subtype have wider fibrosis.
14 It has also been reported in the same study that there is a correlation between OPN levels and mRSS. Moreover, OPN levels have been showed to be higher in patients with PAH and interstitial lung disease (ILD) compared to non-PAH and ILD patients.
14 One reason for not verifying these relations in this study may be the heterogeneous nature of the disease. The inflammatory state can be variable at different stages of the disease and even in different visceral involvements.
It has been demonstrated previously that the levels of OPN are elevated in various inflammatory diseases. [28] [29] [30] In the present study, the relationship between serum OPN levels and SSc subtypes, disease activity, and severity scores were not detected. In addition, there was no correlation between serum OPN levels and laboratory parameters specific to SSc and capillaroscopy findings. According to these findings, it can be concluded that as OPN does not have a directly pathogenic role in SSc, and its levels rise indirectly due to the inflammatory nature of the disease.
Another important ECM protein is VTN as in OPN. VTN, one of the integrin αvβ3 ligands, is a multifunctional
Discussion
In this study, serum OPN and VTN levels were studied in patients with SSc and SLE. Serum OPN levels were higher in SLE as well as SSc in the present study. On the other hand the serum VTN level was decreased in SSc in contrast to SLE.
Systemic sclerosis is a chronic systemic disease characterized by the fibrosis of the skin and internal organs. Although the etiopathogenetic mechanism of SSc is not fully understood, the pathogenesis of SSc consists of a triad including fibrosis, vasculopathy and inflammation. 2 Fibrosis occurs as a result of excessive ECM production or insufficient ECM degradation. 3 Fibroblasts, which are responsible in the production of ECM, are the main actors in the pathogenesis of SSc. In this process, the pro-fibrotic cytokines and chemokines are responsible in the transformation and proliferation of myofibroblasts. 4, 5 Also, these mediators are released from inflammatory cells and activated and/or damaged endothelial cells. It is known that the inflammation and vasculopathy as pathogenetic stages of SSc begin the adventure before fibrosis. 1 The infiltration of inflammatory cells such as T lymphocytes, glycoprotein that is present in blood and in the ECM. 31 This protein, which is an adhesive glycoprotein in structure, is initially defined as serum spreading factor in blood. VTN plays an important role in fibrinolysis, the immune defense, and hemostasis by providing cell adhesion and migration through interaction with collagen. [32] [33] [34] In the present study, serum VTN levels were detected lower in SSc group. The one reason of the decreased VTN levels may be that it functions as a negative acute phase reactant. The decreased levels of VTN have been reported in patients with rheumatoid arthritis and Behçet's disease in another study. 35 However, in the current study, the undiminished levels of VTN in SLE, which is another inflammatory disease, and the lack of association of serum VTN levels with the levels of cytokines and acute phase reactants in both SSc and SLE may challenge this argument.
In contrast to SLE, VTN levels being reduced in SSc may cause another interpretation that VTN has anti-fibrotic effects, and reduced VTN level augments fibrosis in SSc. While binding to αvβ3 integrin via Arg-Gly-Asp (RGD) domain, VTN binds to Urokinase-type plasminogen activator receptor (uPAR) by somatomedin B domain. 19 A more recent study demonstrates that inactivation of uPAR gene induces dermal and pulmonary fibrosis in mice. 36 Considering the relationship between VTN with uPAR, VTN could be interpreted as anti-fibrotic potential. However, the delayed wound healing in response to tissue damage and decreased angiogenesis has been reported to be associated with the deficiency of VTN in mice. 37 In the literature, the relatively raised accumulation of VTN in tissues has been reported to be associated with fibrosis of internal organs, such as liver, lungs and kidneys. [17] [18] [19] In subsequent studies, the increased expression of integrin αvβ5, which serves as a receptor for VTN by SSc dermal fibroblasts, and the role of VTN in stimulating the autocrine TGF-β signaling pathway in dermal fibroblasts derived from localized SSc have been demonstrated. 38, 39 According to this data, it may be accepted that VTN does not have anti-fibrotic effects. Then, the most probable explanation of the decreased serum levels of VTN in patients with SSc is the accumulation of VTN in fibrotic skin and subcutaneous tissues. Lopez-Guize et al. have showed the accumulation of VTN in the experimental models of renal fibrosis in fibrotic areas. 19 There are some limitations of this study. Foremost, the levels of OPN and VTN were only investigated in serum. In addition to serum levels, the assessment of local tissue expression could be more accurate. Moreover, the sample size is relatively small.
As a result, OPN levels are increased in chronic autoimmune diseases such as SLE and SSc. Contrary to common belief, OPN may not be a specific cytokine involved in the stage of fibrogenesis in SSc. This molecule plays a role possibly as part of the acute inflammatory response by regulating the chemotaxis of macrophages and T cells towards the area of inflammation. On the other hand, serum VTN levels decrease in SSc in contrast to SLE and it may be concluded that VTN has anti-fibrotic action or the one cause of decreased serum VTN levels in SSc may be the accumulation of this ECM protein in fibrotic area.
